PURPOSE: This study examined the effects of a vestibular stimulation training program on the walking ability of chronic stroke patients over a six month period.
With the recent development of modern medicine and the improvements in living standards, the mortality rate has decreased gradually. On the other hand, there might be some disability depending on the area of injury of the brain, and long-term medical care is necessary to prevent secondary damage and improve the dysfunction [3] .
Stroke manifests as reduced mobility caused by weakness in muscle strength, perception disorder, rigidity, and damage to the sensory organs and equilibrium [4, 5] .
This reduced mobility restricts the abilities to perform functional activities, such as gait, climbing stairs, standing and, changing direction, which are important for an independent daily life.
Of these restricted abilities, independent walking ability is one of the most important therapeutic goals of hemiplegic patients, which is considered as a basic condition to decide to return to their daily life after hospitalization [6] .
Proprioceptive neuromuscular facilitation [7] , weight shift training [8] , task-oriented training [9] , action observation training [10] , and treadmill waking training [11] have been conducted to improve the patients' walking and balance ability.
When the vestibular system is affected, the visual and proprioceptive senses are impaired or central nervous and musculoskeletal system are impaired, which results in the incorrect passing of information. In addition, an integrating ability disorder can occur, which causes confusion in the spatial recognition and posture control commands in the central region, adversely affecting equilibrium and gait, dizziness, posture instability, etc., which makes therapeutic intervention and rehabilitation difficult [12, 13] .
The vestibular system interacts with various regions, and influences eye movements and posture control.
Therefore, a vestibular sensation can be stimulated and the problem can be improved through an interaction of the vestibular senses, visual, and proprioception [14] .
In addition, functional inputs from the vestibular organ, proprioceptive sensory, and visual information systems are required to maintain effective balance [15] . Therefore, a number of studies have reported improvements in balance ability by applying a vestibular stimulation training program to adults with central nervous system impairment and children with cerebral palsy [16, 17] .
To control the posture required for walking, the vestibular system plays a very important role in recognizing and maintaining the balance of the body. Therefore, it is essential to study the effects of vestibular stimulation training on the balance and gait ability of stroke patients and assist in the rehabilitation of stroke patients.
This study examined the effects of vestibular stimulation training on the walking ability of stroke patients to develop a rehabilitation program to improve the diversity of exercise therapy intervention and the function of stroke patients.
Ⅱ. Methods
Participants
This study was conducted on 40 adult hemiplegic patients, who were hospitalized in Y hospital in Gwang-Ju and underwent therapeutic exercise from August 1, 2016 to November 30, 2017. Table 1 In this study, the walking ability of stroke patients was measured before providing the vestigial training program and general exercise program and after six weeks of intervention using the measurement tools as follows. 
2) Figure-of-eight Walk Test (F8WT)
The figure-of-eight walk test (F8WT) was conducted to measure the curve walking ability. The subjects stood between cones and selected the direction of travel. They were directed to walk at a normal speed and then stop when they returned to the starting position. The measurement factors of F8WT were composed of time, step count, accuracy, and naturalness. In this study, however, the time and step counts except for the measurement accuracy and naturalness were measured. The walking measurements were repeated three times in each session to obtain an average value.
3) Dynamic Gait Index (DGI)
The dynamic gait index (DGI) was used to measure 
2) General exercises
The general exercise programs was applied to the control group, which consisted of movements that did not stimulate Ⅲ. Results
Changes of 10mWT
A comparison of the 10mWT before and after the experiment revealed a statistically significant decrease only in the experimental group after six weeks of intervention compared to that before the intervention (p<.05) ( Table 2) .
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Changes in the F8WT
1) Changes in the number of steps
Only the experimental group showed a significant decrease in the number of steps in the F8WT after six weeks of intervention compared to that before the intervention (p<.05) ( Table 2) .
2) Changes in time required
Only the experimental group showed a significant decrease in the F8WT after six weeks of intervention compared to that before the intervention (Table 2 ).
Change of DGI
The experimental group showed a significant decrease in the DGI after six weeks of intervention compared to that before the intervention but not the control group (p<.05). (Table 2 ).
Ⅳ. Discussion
The balance ability and posture control of stroke patients are important factors in their posture and walking [20] , and disability occurs as a result of sensory-motor impairment.
Sensory abnormalities can occur in both left and right hemiparesis, which causes an unstable posture and difficulty in the activities of daily living, such as balance and gait [21] .
For stroke patients, the ultimate goal of rehabilitation is independent and functional walking. For stroke patients with reduced ability to walk, an increase in walking speed leads to improvements in everyday life [22] . This study examined the effects of a program that stimulates the vestibular system involved in balance ability on the walking ability when applied to chronic stroke patients.
In this study, the 10mWT was measured to determine the change in speed in a straight walk. The vestibular training group showed a significant difference between before and after the experiment, and there was a statistically significant difference between the control and vestibular Twenty to fifty percent of all steps in human daily life consist of redirecting movements [24] . On the other hand, stroke patients have difficulty in redirecting movements, which is related to the motor system that provides information on the head movement and position [25] .
In this study, the number of steps and time were measured using the F8WT, which was designed to measure the walking ability in a curve. As a result, the vestibular stimulation training group showed a significant decrease in the number of steps and the time taken compared to the control group. The decrease in the number of steps and time at the same distance can be explained as an increase in stride. Generally, the faster the gait velocity, the shorter the double support period of the gait cycle.
In other words, the period of supporting with one leg is longer, highlighting the positive influence on the vestibular system. Nakamura et al. [26] confirmed that pusher behavior was 
Ⅴ. Conclusion
The vestibular sensory stimulation program was effective in improving the curved walk (F8WT) and straight walk (10mWT) ability of stroke patients and improved the DGI as a functional gait test. Therefore, the vestibular sensory stimulation program used in this study can be used in rehabilitation programs of stroke patients at home and hospitals.
